Objectives: Measurement of health inequalities based on self-reports may be biased if individuals use response scales in systematically different ways. We use anchoring vignettes to test and adjust for reporting differences by level of education and race/ethnicity in self-reported health in six domains (pain, sleep, mobility, memory, shortness of breath, and depression).
INTRODUCTION
The accurate measurement of population health is crucial for monitoring levels and trends in health across different groups, testing the mechanisms that account for health differences, and evaluating the impact of interventions. There are persistent inequalities in health and mortality by socioeconomic status (SES) and race/ethnicity (Adler, Boyce, Chesney, Folkman, & Syme, 1993; Williams, Yan, Jackson, & Anderson, 1997) . General self-rated health (SRH) status on a five-point scale has been used extensively to measure health inequalities, based partly on its ease of collection and consistent associations with subsequent morbidity and mortality (DeSalvo, Bloser, Reynolds, He, & Muntner, 2006; Idler & Benyamini, 1997; Idler, Russell, & Davis, 2000) . The use of similar self-reported scales to measure morbidity in specific domains such as mobility, pain, and depression is also common (Schoeni, Martin, Andreski, & Freedman, 2005) .
The measurement of health inequalities using self-reported measures may be problematic, however, if individuals from different social groups have systematically different expectations or reporting standards for health which would lead them to use response categories such as "excellent" or "poor" in different ways. Such systematic reporting differences could lead to significant over or under-estimates of health inequalities based on self-reported measures. The problem of reporting differences has alternatively been referred to as "state-dependent reporting bias" (Kerkhofs & Lindeboom, 1995) ,"response category differential item functioning" (King, Murray, Salomon, & Tandon, 2004; King & Wand, 2007) and finally "reporting heterogeneity" (Lindeboom & van Doorslaer, 2004; Shmueli, 2003) , the term we will use in the current paper. Reporting heterogeneity implies the use of different category cut-points when reporting health status, holding constant a given level of "true" health.
Reporting heterogeneity may arise in a variety of ways. Culturally or linguistically, groups may understand and use the ordinal response scale in systematically different ways, such as the propensity to use extreme categories. In Spanish for example, the middle category options "fair" or "average" seem to replace "good" as what is considered a normal anchor point for evaluations (Bzostek, Goldman, & Pebley, 2007) . While "excellent" is a commonly-used term in English, Germans consider use of this word in their language an exaggeration and are thus less likely to use this category to rate their health (Jürges, 2007) . Individuals may also compare themselves to a reference group of their peers, a phenomenon which has been identified in evaluations across age (Schnittker, 2005) . Respondents with more education may compare themselves to their relatively healthy peers for instance, resulting in stricter standards for what is considered "excellent" health.
Such standards would lead to systematically worse health reports compared to lower education groups and an underestimate of health inequalities. On the other hand, higher health expectations for those with more education could result in more lenient standards for health, a so-called "wishful thinking" scenario (Iburg, 2001) . In this case, individuals with more education who believe they should be healthy would systematically upgrade their health compared to the same level of "true" health for those with less education, leading to an overestimate of health inequalities.
Uniform shifts in the thresholds that define response categories have been referred to as index, or parallel shifts (Lindeboom & van Doorslaer, 2004) . In addition to uniformly shifting up or down, it is possible that the relative positions of reporting thresholds may differ across groups, which is referred to as a cut-point, or non-parallel shift (Lindeboom & van Doorslaer, 2004) . Figure   1 illustrates a hypothetical example of reporting heterogeneity with respect to a five-point SRH scale by SES, with the cut-points of higher SES individuals shifted in a non-parallel way so that they are more likely to report greater health problems for a given level of objective health.
[ Figure 1 about here]
Existing Studies
Thus far, there have been several approaches to testing for reporting heterogeneity in selfreported health measures (Ferraro & Kelley-Moore, 2001; Lee et al., 2007; McGee, Liao, Cao, & Cooper, 1999) . The first strategy uses other types of self-reports as benchmarks for "objective" health such as self-reported illnesses or physical functioning (Delpierre, Lauwers-Cances, Datta, Lang, & Berkman, 2009; Etile & Milcent, 2006; Melzer, Lan, Tom, Deeg, & Guralnik, 2004) , or the more detailed self-reported MacMaster Health Utility Index or SF-36 instrument (Humphries & Van Doorslaer, 2000; Shmueli, 2003) . These studies have identified evidence for reporting heterogeneity by SES in France, Canada, and Israel (Etile & Milcent, 2006; Humphries & Van Doorslaer, 2000; Shmueli, 2003) . Applying this approach to race/ethnic reporting differences in the U.S., black individuals at the same level of physical functioning have been found to report significantly and substantially worse SRH than whites (Boardman, 2004; Spencer et al., 2009 ), a difference compatible with "health pessimism" among black adults (Ferraro, 1993) . Others have found a similar pattern of differences in reporting between whites and Hispanics (Borrell & Crawford, 2006) .
Since the use of self-reports to validate SRH cannot rule out reporting differences shared by both sets of self-reports, another strategy has been to test whether the association of SRH with mortality risk varies by SES. Results have varied by country, with evidence that SRH is a stronger predictor of mortality for higher SES groups in the U.S. and the Netherlands, a weaker predictor for higher SES groups in France, and an equal predictor across SES in Sweden and the U.K. (Burstrom & Fredlund, 2001; Dowd & Zajacova, 2007; Huisman, Lenthe, & Mackenbach, 2007; McFadden et al., 2009; Quesnel Vallee, 2007; Singh-Manoux et al., 2007; van Doorslaer & Gerdtham, 2003) .
Within the U.S., SRH among black adults has been found to be less predictive of mortality than those of whites (Ferraro & Kelley-Moore, 2001; Lee et al., 2007) , and less predictive for less acculturated versus more acculturated Hispanics (Finch, Hummer, Reindl, & Vega, 2002) . While this approach has advantages over using other self-reports as benchmarks to identify reporting differences, it is nonetheless limited in its ability to isolate heterogeneity in the use of health categories from other factors such as knowledge of underlying health conditions or differences in the weight given to mental or emotional factors when reporting global self-rated health.
One unique tool for separating "true" health differences from health reporting differences that has been proposed is the use of anchoring vignettes. In this approach, survey respondents rate the health of fictitious individuals with given health conditions or disabilities, and their evaluations of these fictitious individuals are used to estimate reporting thresholds (or cut-points), which may depend on individual characteristics. These thresholds are then used to adjust the rating of the respondent's own health (Kapteyn, Smith, & van Soest, 2007; King & Wand, 2007; . The vignettes represent fixed levels of latent health, so that any differences in ratings of the vignettes can be attributed to reporting differences. Under the assumption that respondents rate the vignettes in the same way as they rate their own health ("response consistency"), it is possible to identify a health measure that is purged of reporting differences (Bago d'Uva, van Doorslaer, Lindeboom, & O'Donnell, 2008; King et al., 2004) .
Identification of cut-points via vignettes also relies on a second assumption, "vignette equivalence," which requires that the level of health represented by any one vignette is perceived by all respondents in the same way and on the same unidimensional scale (King et al., 2004) . Research using anchoring vignettes has identified reporting heterogeneity by education and income in several This paper tests for reporting differences in self-reported health measures by level of education and race/ethnicity in the U.S. using anchoring vignettes from the Health and Retirement Study in the domains of mobility, sleep, pain, memory, shortness of breath, and depression. We then estimate inequalities in each health domain by education and race/ethnicity before and after adjustment for reporting heterogeneity to quantify the magnitude of potential biases in health reporting using self-reported measures. 
METHODS

Data
Measures
Respondents were asked to rate the severity of their own health problems first, and then the health problems of vignette characters on a five-point scale, where 1=none, 2=mild, 3=moderate, 4=severe, and 5=extreme. Self-rated health in each domain was obtained from the following questions: "Overall, in the last 30 days, how much…."
• "pain or bodily aches did you have?" (pain)
• "difficulty did you have with sleeping such as falling asleep, waking up frequently during the night or waking up too early in the morning?" (sleep)
• "of a problem did you have with moving around?" (mobility)
• "difficulty did you have with concentrating or remembering things?" (memory)
• "of a problem did you have because of shortness of breath?" (shortness of breath)
• "of a problem did you have with feeling sad, low, or depressed?" (depression) Vignette questions were of the form: "Charles has pain in his knees, elbows, wrists and fingers, and the pain is present almost all the time. Although medication helps, he feels uncomfortable when moving around, holding and lifting things. Overall, in the last 30 days, how much of bodily aches or pains did Charles have?" Three vignettes were presented for each health domain, representing different levels of severity. Vignette questions are listed in detail in the Supplementary Materials. Age was measured continuously as age at the end of 2006. Race was categorized as white (reference), black, and other. Educational attainment was classified into four categories: less than high school (reference), high school, some college, and college or more. Descriptive statistics for the sample and covariates are presented in Table 1 .
[ Table 1 about here]
Statistical Analysis
For each health domain, we first estimated traditional ordered probit models of self-reported health on education, race/ethnicity, sex and age, assuming no reporting differences. Next, we estimated a generalized ordered probit model of the respondents' severity rating of vignette characters' health problems to test the hypothesis of homogeneous reporting. Severity ratings depended only on a vignette dummy, with each of the four cut-points depending on age, sex, race, and education. We tested the hypothesis of homogenous reporting with joint and individual Wald tests of the significance of covariates in all four cut-point models; a significant coefficient for a covariate provides evidence that thresholds varied by this covariate and thus reporting was not homogeneous across the covariate. To test the hypothesis of parallel versus non-parallel shifts in cut-points, we performed Wald tests for whether the coefficients for a given covariate were the same in all four cut-point models. Finally, we estimated a one-step hierarchical ordered probit (HOPIT) model Jones, 2007) , which jointly estimated cut-points based on respondents' ratings of the severity level of vignette characters' health problems and the severity level of the respondent's own health problems based on these cut-points. The thresholds for reporting extreme, severe, moderate, mild or no problem in each health domain were allowed to vary by age, sex, education, and race/ethnicity. Finally, we compared the coefficients for education and race/ethnicity from the HOPIT models of health problem severity in each domain to those from the traditional ordered probit models to assess the direction and magnitude of associations before and after adjustment for reporting heterogeneity. All statistical analyses were performed with Stata 10 (StataCorp, College Station, TX) using the command oprobit for the ordered probit models and code adapted from (Jones, 2007) for the generalized ordered probit and HOPIT models. Table 2 presents results of tests of homogenous reporting, finding strong evidence of reporting differences across all covariates. The null hypothesis of homogenous reporting was rejected (p-value<0.05) in every health domain when age, gender, education level, and race were jointly considered. Homogenous reporting by gender was rejected in four out of six health domains (all but mobility and memory), and rejected in all domains with respect to age. Homogenous reporting by race was rejected in every health domain for black respondents and in five domains (all but memory) for respondents of "other" race. By educational attainment, homogeneous reporting was also rejected in every domain for respondents with at least some college, and was rejected in five out of six domains (all but memory) for respondents with a high school education.
RESULTS
[ Table 2 about here]
Tests for parallel shift versus non-parallel cut-point shifts are presented in Table 3 . When all covariates were jointly considered, the null hypothesis of parallel shift was rejected (pvalue<0.05) in all six health domains. Parallel shift was rejected in four domains for gender (all but mobility and memory), all domains for age, five domains (all but memory) for black respondents, and five domains (all but memory) for respondents of "other" race. Parallel shift by educational attainment was also rejected in all health domains for respondents with at least some college, and was rejected in five health domains (all but memory) for respondents with a high school education.
These results provide strong evidence that where reporting differences exist, they are not characterized by uniform shifts in thresholds up or down the latent health scale; reporting differences may be stronger at some levels of health compared to others. Taken together, the results in Tables 2 and 3 provide strong evidence of heterogeneous reporting behaviors by age, sex, race, and educational attainment in most health domains, with slightly less evidence of reporting differences in the domains of mobility and memory. The results support the need for a model that accounts for reporting differences behavior in respondents' self-reported health.
[ Table 3 about here] Table 4 illustrates the magnitude and direction of cut-point shifts by each covariate. Stricter health standards are reflected in negative coefficients, such that the cut-point moves downward (towards the milder end) on the objective health scale. This lower threshold translates into a greater likelihood of reporting a more severe rating for a given health state compared to the reference respondent. A positive coefficient indicates that the cut-point is pushed higher along the objective health scale, translating into a less severe rating for a given health problem compared to the reference respondent. Rather than a pattern of uniform reporting differences, the results in Table 4 indicate a wide range of reporting behaviors. Non-parallel shift can be seen in the unequal coefficients for a given covariate from one cut-point model to another. For example, in the domain of sleep, those with a high school education have consistently lower cut-points (negative coefficients in all four cut-point models) compared to those with less than a high school education, so they will consistently rate a given sleep problem as more severe. However, the magnitude of the shift varies for each cut-point. The larger shifts for cut-points 1 and 2 compared to cut-points 3 and 4 indicate that a respondent with a high school education will rate a relatively minor sleep problem as much more severe than the reference respondent would, while the reporting differences for more serious sleep problems are less pronounced. Cut-point shifts need not all be in the same direction; one cut-point may shift up while another shifts down. This type of shift can be seen in the domain of shortness of breath among black respondents. Cut-points 1 and 2 are shifted up for black respondents, while cut-points 3 and 4 are shifted down. Compared to white respondents, black respondents are thus more likely to rate a relatively minor shortness of breath problem as less severe, while at the same time rating a relatively serious shortness of breath problem as more severe. Black respondents' cut-points are relatively close together such that their ratings tend to be more heavily distributed toward both extremes of the severity scale. The coefficient in cut-point 3
is not significant at the .05 level, meaning that white and black respondents have similar thresholds for separating "moderate" and "severe" shortness of breath problems.
[ Table 4 about here] Table 4 can also shed light on whether reporting differences are applied similarly to all health domains. The pattern of cut-point shifts by covariates is different across health domains, suggesting that reporting differences reflect more than a tendency to use the five-point scale in a uniformly different way. For example, black respondents have a positive coefficient in the model for cut-point 1 in the domain of mobility, but a negative coefficient in the model for cut-point 1 in the domain of pain. This means that, compared to a white respondent, a black respondent is more likely to rate a minor health problem as "none" (versus "mild") if the health problem is related to mobility, but more likely to rate it as "mild" (rather than "none") if the problem is related to pain. Table 5 presents results for all six health domains in models unadjusted (ordered probit) and adjusted (HOPIT) for reporting heterogeneity. The adjustment had a mixed impact on the magnitude of the estimated coefficients for age, gender, race, and education. The changes in the association of age with each health domain were the least noticeable, with the exception of depression, for which an apparent older age advantage transformed into no significant difference by age after adjustment. The magnitude of the coefficient for males increased by approximately 50% in the direction of less pain than females after adjustment, but the male-female difference decreased by more than half (and became insignificant) with regard to the severity of sleep problems.
[ Table 5 about here] Adjustment changed many substantive interpretations of black-white health differences across domains. For example, black-white differences in pain changed from an insignificant coefficient indicating increased pain for blacks to a large, significant coefficient indicating less severe pain for blacks compared to whites. In the cases of shortness of breath and depression, what looked like no racial difference prior to adjustment became a significant health disadvantage for blacks after adjustment. Sleep worked in a similar direction, such that prior to adjustment there appeared to be a black advantage with regard to severity of sleep problems that disappeared upon adjustment. Memory worked in the opposite direction, such that prior to adjustment there was a black disadvantage that dissipated upon adjustment for reporting differences. Mobility was the only domain for which black-white differences did not significantly change before and after adjustment, although the coefficient moved in the direction of increasing black disadvantage.
In contrast to the changing direction of effects by race, higher levels of education were consistently associated with better health ratings before and after adjustment, though the magnitude of the coefficients sometimes changed dramatically. While the educational differences were approximately the same for the domains of pain and memory, the coefficients on health differences by education more than doubled for sleep and shortness of breath, nearly doubled for depression, and increased by 36% for mobility differences after adjustment for reporting differences. These results were quite consistent across educational categories. Based on these findings, educational inequalities in many health domains may be substantially underestimated when not adjusted for reporting differences.
We tested the robustness of our results with several alternative model specifications. First, we stratified models by sex to see if reporting differences by education and race/ethnicity varied by sex. Overall, reporting differences by education were quite comparable for men and women, but there was some evidence that reporting differences between blacks and whites differed by sex (see Supplementary Table 6S ). The reporting differences by race/ethnicity in the domains of pain and sleep in the pooled results were seen only for men in the stratified results. Black women reported more severe mobility limitations than whites after adjustment, while no reporting differences were seen in mobility for men. Black women reported more severe memory problems before adjustment, but there was no significant difference compared to white women after adjustment. For shortness of breath, a disadvantage for black women emerged only after adjustment, while black men reported less severe problems prior to adjustment, with no difference after adjustment. Black women reported more severe depression compared to whites after adjustment, but for men there were no racial differences in depression before or after adjustment. Overall, the direction of reporting differences by race was consistent across sex, with the pooled results demonstrating the relative health optimism of black reporting in most domains.
Many studies that use self-reported health measures collapse the 5-category response scale to two or three categories for ease of analysis and interpretation. In the context of the current paper, such a reduction in categories may reduce the degree of reporting heterogeneity, specifically if the heterogeneity derives from differences in cut-point thresholds between the categories that are being combined. While Table 4 indicated that reporting heterogeneity exists across all cut-points, we ran identical HOPIT models with three categories of self-reported severity (1=none/mild, 2=moderate, 3=severe/extreme) to see if this would reduce the differences in the magnitude of health inequalities by education and race/ethnicity seen before and after adjustment. The reduction in categories did slightly reduce the before-and-after changes in race/ethnic inequalities compared to the 5-category results, but educational inequalities were still much larger in adjusted models compared to unadjusted models (see Supplementary Table 7S ). This suggests that concerns about reporting heterogeneity are not likely easily mitigated by collapsing response categories.
DISCUSSION
This paper used anchoring vignettes to test for reporting heterogeneity in self-reported health measures by level of education and race/ethnicity in middle-aged and older adults from the Health and Retirement Study. We found strong evidence of reporting differences, but the magnitude of this heterogeneity varied depending on the specific health domain. Overall, traditional models that do not account for reporting differences seem to underestimate the magnitude of health inequalities by education, especially for self-reported depression, shortness of breath, mobility, and sleep. These differences reflect the stricter reporting standards of more highly educated groups compared to those with less education in those domains. The magnitude of educational reporting differences is much smaller in the domains of pain and memory. Similarly, for comparisons of black versus white respondents, not accounting for reporting differences in traditional models appears to underestimate inequalities in most domains, suggesting that black respondents are relatively optimistic in their ratings compared to whites, perhaps comparing themselves to their less healthy peers as a reference group. Importantly, in several cases (pain, shortness of breath, and depression), accounting for reporting differences revealed racial/ethnic inequalities that were not evident when looking at results from traditional ordered probit models.
Parallel shifts in reporting thresholds was rejected in all but a few cases, suggesting that reporting differences are not uniform across the entire latent health scale, but may be stronger or weaker depending on the level of health.
To our knowledge, this is the first study to test for reporting differences in health measures by SES and race/ethnicity in the U.S. using anchoring vignettes. Previous work in other countries has suggested, not surprisingly, that the degree of reporting heterogeneity by SES differs substantially across contexts. In Indonesia and India, Bago d'Uva et al. found that more educated respondents generally over-reported their health, leading to a reduction in educational health disparities after adjustment from vignettes . In China, in contrast, adjustment raised inequalities by education in most cases, more similar to the results found here. Our results are also consistent with results from eight European countries, where correcting for reporting differences increased inequalities in many cases and resulted in the emergence of inequalities by education that did not previously exist in several cases . These effects were largest for Belgium, France, Germany, and the Netherlands, while for Sweden and Spain adjusting for reporting differences in education tended to decrease inequalities, underscoring the substantial variation in reporting differences depending on context (Bago d'Uva, .
Our finding that reporting differences by race and education varied by health domain suggests that reporting heterogeneity is not a result of uniform differences in pessimism or optimism that apply equally to all health domains. Consequently, generalizing the results of reporting differences for any one domain to domains that are not measured may be unwise. This may suggest significant challenges in extending anchoring vignettes to general health status, for which many different domains are presumably absorbed into one rating.
The current finding that racial differences in health are generally underestimated when not accounting for reporting differences contrasts with previous research that has described relative "health pessimism" among blacks such that blacks report significantly worse self-rated health when compared to whites with similar levels of self-reported morbidity (Boardman, 2004; Ferraro, 1993; Spencer et al., 2009 ). The majority of previous work on health pessimism among blacks used other self-reported measures as "objective" benchmarks for global self-reported health, a strategy that might suffer if both sets of reports suffer from the same reporting differences. A recent paper by Spencer and Schulz extended this work by comparing race differences in global SRH after adjustment for objectively measured physical functioning measures, finding that blacks rated their health lower than whites at similar levels of physical functioning (Spencer et al., 2009) . It is possible that in contrast to the self-reported health questions analyzed here that focused a respondent's attention on specific health domains, general self-rated health may encompass broader dimensions such as "enduring self-concept" for which blacks are more pessimistic (Spencer et al., 2009 ). Previous work suggests that whites may use physical functioning as a frame of reference for global self-rated health while blacks focus more on health problems (Krause & Jay, 1994) . Since the health domains examined here focused more on functioning than specific health conditions, this could be consistent with our findings of relative black optimism. In general, the finding of more lenient reporting standards for both blacks and those with less education in the sample would be consistent with a reference group or peer comparison assessment, since on average these groups are in worse health. Future work should attempt to replicate and reconcile these findings with the broader literature on black health pessimism in global SRH.
Overall, these results suggest caution in relying on self-reported health measures to quantify and explain health disparities by socioeconomic status and race/ethnicity in the United States.
Additional research using anchoring vignettes to test whether these findings are consistent across samples and across time is warranted. The findings support expansion of the use of anchoring vignettes to properly account for reporting differences in self-reports of health. Failure to account for such differences could lead researchers and policy-makers to the wrong conclusions regarding the magnitude of and trends in health inequalities.
